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Abstract
IMPORTANCE The rates of cesarean deliveries have more than doubled in India, from 8% of
deliveries in 2005 to 17% of deliveries in 2016. The World Health Organization recommends that
cesarean deliveries should not exceed 10% to 15% of all deliveries in any country. An understanding
of the association of private and public facilities with the increase in cesarean delivery rates in India
is needed.
OBJECTIVE To assess the association of public vs private sector health care facilities with cesarean
delivery rates in India and to estimate the potential cost savings if private sector facilities followed
World Health Organization recommendation for cesarean deliveries.
DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used institutional delivery data
from the representative National Family Health Survey (NFHS) in India, including data from the
NFHS-1 (1992-1993), the NFHS-3 (2005-2006), and the NFHS-4 (2015-2016). The NFHS-3 and
NFHS-4 provided data on 22 647 deliveries and 195 366 deliveries, respectively. The NHFS-4 was the
first survey to provide data on out-of-pocket expenditures for delivery by facility type, allowing for a
comparison of cesarean deliveries and costs between public and private facilities. The primary
sample comprised all pregnant women who delivered infants in public and private institutional
facilities in India and who were included the NFHS-3 and the NFHS-4; data on pregnant women who
were included in the NFHS-1 were used for comparison. The study’s findings were analyzed through
geographic mapping, data tabulation, funnel plots, multivariate logistic regression analyses, and
potential cost-savings scenario analyses. Data were analyzed from June to December 2019.
MAIN OUTCOMES AND MEASURES The main outcome was the rate of cesarean deliveries by
facility type (public vs private) and by participant socioeconomic, demographic, and health
characteristics. Secondary outcomes were the potential number of avoidable cesarean deliveries and
the potential cost savings if private sector facilities followed the World Health Organization
recommendations for cesarean deliveries.
RESULTS In the NFHS-3, 22 610 total births occurred at institutional facilities. Of those, 2178 births
(15.2%) were cesarean deliveries in public facilities, and 3200 births (27.9%) were cesarean deliveries
in private facilities. Of 195 366 total institutional births in the NFHS-4, 15 165 births (11.9%) were
cesarean deliveries in public facilities, and 20 506 births (40.9%) were cesarean deliveries in private
facilities. The cesarean delivery rate in public health facilities increased from 7.2% in the NFHS-1 to
11.9% in the NFHS-4, whereas in private health facilities, the rate increased from 12.3% to 40.9%
during the same period. A substantial increase was found in cesarean delivery rates between the
NFHS-3 (2005-2006) and the NFHS-4 (2015-2016), with 22 states exceeding the World Health
Organization’s upper threshold of 15% in the NFHS-4. The odds ratio for cesarean deliveries in private
facilities compared with public facilities increased from 1.62 (95% CI, 1.49-1.76) in the NFHS-3 to 4.17
(95% CI, 4.04-4.30) in the NFHS-4. The number of avoidable cesarean deliveries would have been
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Key Points
Question Are private vs public sector
health care facilities associated with
increases in cesarean delivery rates
among pregnant women in India over
time, and what is the avoidable burden
of cesarean deliveries in private sector
facilities?
Findings In this cross-sectional study of
217 976 births at public and private
sector institutions in India between
2005 and 2016, the likelihood of having
a cesarean delivery in a private facility
more than doubled over the period
examined. A reduction in the
percentage of cesarean deliveries in the
private sector to the World Health
Organization’s recommended threshold
of 15% was associated with a potential
cost savings of approximately
$321 million.
Meaning The study’s findings indicated
that private sector facilities were
associated with increases in the rate of
cesarean deliveries; it is important that
policy makers address the increasing
number of avoidable cesarean deliveries
in India.
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Abstract (continued)
1.83 million, with a potential cost savings of $320.60 million, if private sector facilities in India had
followed the 15% threshold for cesarean delivery rates recommended by the World Health
Organization.
CONCLUSIONS AND RELEVANCE In this study, private sector health facilities were associated with
a substantial increase in cesarean deliveries in India. Further research is needed to assess the factors
underlying the increase in cesarean deliveries in private sector facilities.
JAMA Network Open. 2020;3(8):e2015022. doi:10.1001/jamanetworkopen.2020.15022
Introduction
In the past several decades, a pattern of rapid increases in cesarean delivery rates has been observed
worldwide, and this increase has varied across regions.1 Although these rates have increased at a
slow pace in countries within sub-Saharan Africa,2 they are increasing at a substantial rate in many
other countries. For instance, in the US, the cesarean delivery rate reached 30% in 2006, partly
owing to the practice of preventive medicine and the threat of litigation.3 In European countries, the
cesarean delivery rates vary from 52.2% in Cyprus to 14.8% in Iceland, with rates in the United
Kingdom ranging from 24.6% in England to 29.9% in Northern Ireland.4 Australia’s cesarean delivery
rate increased from less than 20% in 1998 to approximately 30% in 2008.5 Moreover, in Asia, an
increase in cesarean delivery rates has been observed in a number of countries, including India,
Nepal, China, and Bangladesh.6 Such a substantial increase in cesarean delivery rates without an
indication of benefits for maternal or neonatal health has become a major public health concern.7
Although cesarean delivery can be a life-saving surgery, this procedure should be performed
only when medically indicated, as complications that have adverse consequences for the mortality
and morbidity of both the mother and the newborn are well documented in the literature.8-16 Some
of the negative health outcomes in infants born via cesarean delivery include childhood obesity,
respiratory disorders, type 1 diabetes, acute lymphoblastic leukemia, impaired cognitive
development, higher rates of autism, and an increased risk of neurodevelopmental disorders.15,17-23
Cesarean delivery has been reported to be associated with an approximately 4-fold increase in the
risk of maternal death.24 In addition, unnecessary cesarean deliveries may be associated with higher
health care costs in many low-income settings.25
India has also experienced increases in cesarean delivery rates similar to those observed in the
rest of the world. Based on our calculations, cesarean delivery rates have more than doubled in India
as a whole, from 8% in 2005 through 2006 to 17% in 2015 through 2016. The World Health
Organization (WHO) recommends that the percentage of cesarean deliveries should not exceed 10%
to 15% in any nation. The present study assessed the variation in cesarean delivery rates in public and
private sector health facilities in India to evaluate whether private facilities were associated with
increases in cesarean delivery rates and to estimate the burden of avoidable cesarean deliveries in
the private sector.
Methods
The data for this cross-sectional study were obtained from the National Family Health Survey (NFHS),
which is a nationally representative survey conducted under the stewardship of the Ministry of
Health and Family Welfare in India. The International Institute for Population Sciences in Mumbai is
designated as the central agency to implement the survey. Although our analysis was mainly based
on data from the most current survey, the NFHS-4 (2015-2016),26 data from previous rounds of
surveys, specifically the NFHS-1 (1992-1993)27 and the NFHS-3 (2005-2006),28 were also used. The
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present study calculated the patterns in cesarean delivery rates in India by type of facility and
assessed the association of participants’ sociodemographic, economic, and health characteristics and
their place of delivery with the likelihood of having a cesarean delivery. The study also examined the
potential cost savings of reducing the current cesarean delivery rates in the private sector to the
thresholds recommended by the WHO. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline for cross-sectional studies. Ethical
review was not necessary as this study was based on the analysis of secondary survey data, which is
available in the public domain, and complied with all requirements of 45 CFR §46.
For comparison, the locations of institutional deliveries were classified into public and private
sectors. A dichotomous variable was created based on the location of the live birth. The location was
considered public if the delivery occurred in a government hospital, government dispensary, urban
health center, urban family welfare clinic, community health center, or primary health center. The
location was considered private if the delivery occurred at a private hospital or private clinic. Owing
to their small numbers, nongovernmental organizations and trust hospitals were also included in the
private sector category.
Statistical Analysis
Geographic maps were developed to visualize the change in spatial distribution of the cesarean
delivery rate in India from the NFHS-3 to the NFHS-4. A total of 7 cutoffs for the percentage of
cesarean deliveries (3 cutoffs lower and 4 cutoffs higher than the 15% threshold recommended by
the WHO) were used to highlight the increase in cesarean delivery rates in various states and union
territories of India. In addition, funnel plots were drawn to observe the variation in the percentage of
cesarean deliveries according to public vs private facilities in the states. We constructed 95% CI
bands in funnel plots to identify states with rates higher than the 95% CI band, which were
considered upper outliers with high cesarean delivery rates, and states with rates lower than the 95%
CI band, which were considered lower outliers with low cesarean delivery rates. The funnel was
plotted using the lower and upper control limits, which were calculated from the aggregated national
cesarean delivery percentages and SEs based on state rates.
A multivariate binary logistic regression model was constructed to estimate the increase in the
likelihood of cesarean delivery in private vs public health facilities. Cesarean delivery was a binary
variable coded as 0 for a vaginal delivery and 1 for a cesarean delivery; thus, an odds ratio (OR)
greater than 1 signified that the OR of a cesarean delivery for that particular explanatory variable was
higher than that of the reference category. We considered several relevant background
characteristics and assessed their associations with the likelihood of having a cesarean delivery. The
explanatory variables considered were the size of the child at birth (small, average, or large, as
reported by the mother), birth order of the child (1, 2 or 3), maternal age at the child’s birth (19
years, 20-29 years, or 30 years), maternal body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared; underweight [BMI, <18.49], normal [BMI, 18.50-24.9], and
overweight or obese [BMI, 25]), maternal educational attainment (no formal education, primary
school, secondary school, or higher education [12 years]), household wealth quintile (defined by
the NFHS wealth index as the relative index of household wealth based on the standard set of assets
owned by the household, including ownership of consumer items and dwelling characteristics; 5
categories of wealth quintiles [poorest, poorer, middle, richer, and richest] from the NFHS wealth
index were used), household caste (scheduled caste or scheduled tribe, other backward class, or
other caste), household religion (Hindu or non-Hindu), area of residence (urban or rural), and health
care facility type (public or private).
Data on institutional births were pooled to understand the association of time with the
probability of cesarean delivery. The pooled model was adjusted for all of the control variables along
with time and the interaction terms between time and selected explanatory variables. The
interaction terms were included in the model to adjust for any time-varying effects of the
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independent variables. The adjusted percentages of cesarean delivery rates for selected background
variables were calculated from this model.
To understand whether there were fundamental differences with respect to medical indications
for cesarean delivery among women in public vs private facilities, a simple bivariate analysis was
performed. The medical indicators considered were complications during pregnancy, complications
during delivery, and preplanned cesarean delivery.
A scenario analysis was performed to estimate the economic burden of avoidable cesarean
deliveries in the private sector by calculating the cesarean deliveries that could have been avoided
and the potential cost savings that could have been achieved under various scenarios. Data regarding
household out-of-pocket expenditures for vaginal and cesarean deliveries, which were available for
the first time in the NFHS-4, were used for this analysis. All analyses were performed using Stata
software, version 13.1 (StataCorp). Data were analyzed from June to December 2019.
Results
The analysis considered only deliveries that occurred at institutional facilities. In the NFHS-3, 22 610
total births occurred at institutional facilities. Of those, 2178 births (15.2%) were cesarean deliveries
in public facilities, and 3200 births (27.9%) were cesarean deliveries in private facilities. Of 195 366
total institutional births in the NFHS-4, 15 165 births (11.9%) were cesarean deliveries in public
facilities, and 20 506 births (40.9%) were cesarean deliveries in private facilities.
The rate of cesarean deliveries increased almost 7-fold from the NFHS-1 (1992-1993) to the
NFHS-4 (2015-2016). Over 10 years, from the NFHS-3 to the NFHS-4, the overall rate of cesarean
deliveries increased from 8.5% to 17.2%. The cesarean delivery rate in public health care facilities
increased from 7.2% in the NFHS-1 to 11.9% in the NFHS-4. In private health care facilities, the rate
increased 3-fold, from 12.3% in the NFHS-1 to 40.9% in the NFHS-4 (eTable in the Supplement). All of
the states and union territories in India experienced a substantial increase in cesarean delivery rates
over 20 years. A total of 6 states in the NFHS-3 and 22 states and union territories in the NFHS-4
exceeded the recommended WHO thresholds of 10% to 15% (Figure 1).





National Family Health Survey 3 (2005-2006)A National Family Health Survey 4 (2015-2016)B
Cesarean delivery rates by state and/or union territory.
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Over the last NFHS decade examined (2005-2006 through 2015-2016), a substantial increase
in births at institutional facilities in India occurred. In the NFHS-3, 38.8% of deliveries occurred in a
health care facility; this estimate doubled to 79.0% of deliveries in the NFHS-4. Although the increase
in the cesarean delivery rates may be interpreted as a manifestation of the overall increase in
institutional births, when only institutional deliveries were considered, the proportion of cesarean
deliveries also substantially increased, specifically in the private sector. In the NFHS-3, the
percentage of cesarean deliveries in private institutions was 27.9%, which increased to 40.9% in the
NFHS-4. In contrast, the percentage of cesarean deliveries in public institutions decreased from
15.2% in the NFHS-3 to 11.9% in the NFHS-4 (eFigure 1 in the Supplement).
Funnel plots for cesarean delivery rates in private facilities from the NFHS-3 and the NFHS-4 are
available in eFigure 2 and eFigure 3 in the Supplement. These figures identify the outlier states and
the shift from the NFHS-3 to the NFHS-4. The dotted lines define the upper and lower 95% CI
boundaries. States with cesarean delivery rates beyond these boundaries were considered outliers.
In the NFHS-3, only 2 states, Andhra Pradesh and West Bengal, were observed to be upper outliers
with high cesarean delivery rates; in the NFHS-4, the number of upper outliers increased to 13 states.
Table 1 provides the ORs of cesarean deliveries, which were controlled for various background
characteristics in the NFHS-3 and the NFHS-4 separately. After controlling for maternal
socioeconomic characteristics, educational levels, BMIs, and area of residence, the ORs of cesarean
deliveries were found to be uniformly higher in private facilities compared with public facilities for
both survey rounds. The results from the multivariate logistic regression analysis revealed that the
OR of a cesarean delivery occurring in a private health care facility was 1.62 (95% CI, 1.49-1.76) in the
NFHS-3 and 4.17 (95% CI, 4.04-4.30) in the NFHS-4 (P < .001). Health variables, such as older
maternal age, higher BMI, and larger size of the child at birth had positive associations with the
likelihood of having a cesarean delivery. For example, the OR of a cesarean delivery among women
30 years and older was 2.44 (95% CI, 2.07-2.88) in the NFHS-3 and 2.26 (95% CI, 2.11-2.43) in the
NFHS-4 compared with an OR of 1.43 (95% CI, 1.25-1.63) in the NFHS-3 and 1.42 (95% CI, 1.34-1.50) in
the NFHS-4 among women aged 20 to 29 years. Women who had higher educational levels and
households in the richest wealth quintile also had a significantly higher likelihood of having a
cesarean delivery in both survey rounds. Among women with a primary school education, the OR for
cesarean delivery was 1.19 (95% CI, 1.02-1.37) in the NFHS-3 and 1.20 (95% CI, 1.14-1.27) in the
NFHS-4. In comparison, women with higher education (12 years) had an OR of 1.56 (95% CI, 1.34-
1.81) in the NFHS-3 and 1.35 (95% CI, 1.28-1.43) in the NFHS-4. For women in the poorer wealth
quintile, the OR for cesarean delivery was 1.16 (95% CI, 0.92-1.47) in the NFHS-3 and 1.20 (95% CI,
1.14-1.27) in the NFHS-4. In comparison, women in the richest wealth quintile had an OR of 1.50 (95%
CI, 1.19-1.89) in the NFHS-3 and 1.86 (95% CI, 1.74-1.99) in the NFHS-4.
The 2 rounds of the NFHS were also pooled to assess the association of socioeconomic status
with the likelihood of cesarean delivery by the place of delivery. Figure 2 presents the adjusted
probabilities of cesarean delivery by household wealth quintile and maternal educational level along
with the adjusted estimates for the place of delivery from the pooled logistic regression analysis for
institutional births only. Household wealth quintile and maternal educational level were 2 of the most
important factors associated with cesarean delivery. For example, in private facilities, the probability
of cesarean delivery among women in the poorest quintile was 16.0% in the NFHS-3 and 17.5% in
the NFHS-4. In comparison, the probability of cesarean delivery among women in the richest wealth
quintile was 35.4% in the NFHS-3 and 45.3% in the NFHS-4. Among women with no formal
education, the probability of cesarean delivery at a private facility was 18.1% in the NFHS-3 and 21.5%
in the NFHS-4. However, women with 12 years or more of formal education had a probability of
cesarean delivery of 42.1% in the NFHS-3 and 48.1% in the NFHS-4. After pooling the data over time,
we observed that the adjusted probability of cesarean deliveries in private facilities increased from
29.8% to 37.3%.
The likelihood of cesarean delivery in private sector facilities in the NFHS-4 was not associated
with medical indications for cesarean delivery with respect to delivery-associated complications,
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pregnancy-associated complications, or the decision to have a cesarean delivery before the onset of
labor. No significant difference was found between these indicators among women who visited
public vs private facilities; among women who had cesarean deliveries in public vs private facilities,
42.2% of women vs 42.9% of women had pregnancy complications, 55.7% of women vs 53.3% of
women had delivery complications, and 54.6% of women vs 55.2% of women had preplanned
cesarean deliveries, respectively (Figure 3).
Table 2 presents the results of a scenario analysis that compared the actual cesarean delivery
rates in the public and private sectors with the hypothetical cesarean delivery rates if India had
Table 1. Logistic Regression Analysis of Cesarean Deliveriesa
Variable
Odds ratio (95% CI)
NFHS-3 (2005-2006) NFHS-4 (2015-2016)
Size of childb
Average 1 [Reference] 1 [Reference]
Large 1.13 (1.04-1.23) 1.19 (1.15-1.23)
Small 1.09 (0.99-1.20) 1.12 (1.07-1.17)
Birth order of child
1 1 [Reference] 1 [Reference]
2 0.73 (0.67-0.79) 0.76 (0.73-0.78)
≥3 0.40 (0.35-0.44) 0.39 (0.38-0.41)
Maternal age at birth, y
≤19 1 [Reference] 1 [Reference]
20-29 1.43 (1.25-1.63) 1.42 (1.34-1.50)
≥30 2.44 (2.07-2.88) 2.26 (2.11-2.43)
Maternal BMIc
Underweight 1 [Reference] 1 [Reference]
Normal 1.33 (1.21-1.46) 1.24 (1.20-1.29)
Overweight or obese 2.15 (1.91-2.41) 2.26 (2.16-2.37)
Maternal educational level
No formal education 1 [Reference] 1 [Reference]
Primary school 1.19 (1.02-1.37) 1.20 (1.14-1.27)
Secondary school 1.19 (1.05-1.34) 1.29 (1.24-1.35)
Higher education (≥12 y) 1.56 (1.34-1.81) 1.35 (1.28-1.43)
Place of delivery
Public facility 1 [Reference] 1 [Reference]
Private facility 1.62 (1.49-1.76) 4.17 (4.04-4.30)
Household wealth quintiled
Poorest 1 [Reference] 1 [Reference]
Poorer 1.16 (0.92-1.47) 1.20 (1.14-1.27)
Middle 1.22 (0.98-1.52) 1.58 (1.50-1.68)
Richer 1.38 (1.10-1.72) 1.74 (1.64-1.85)
Richest 1.50 (1.19-1.89) 1.86 (1.74-1.99)
Area of residence
Urban 1 [Reference] 1 [Reference]
Rural 0.98 (0.90-1.07) 0.87 (0.85-0.90)
Castee
Scheduled caste or scheduled tribe 1 [Reference] 1 [Reference]
Other backward class 0.96 (0.86-1.07) 1.00 (0.96-1.03)
Other castes 1.02 (0.92-1.13) 1.18 (1.14-1.23)
Religion
Hindu 1 [Reference] 1 [Reference]
Non-Hindu 0.91 (0.83-1.00) 0.91 (0.88-0.95)
Constantf 0.1 (0.1-0.1) 0
Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); NFHS, National Family Health Survey.
a Model was also fitted for all major states that were
commonly included in both the NFHS-3 and the
NFHS-4 for comparability.
b Size of child at birth as reported by the mother.
c Underweight was defined as a BMI of less than 18.49,
normal weight as a BMI of 18.50 to 24.99, and
overweight or obese as a BMI of 25.00 or higher.
d Defined by the NFHS wealth index as the relative
index of household wealth based on the standard set
of assets owned by the household, including
ownership of consumer items and dwelling
characteristics. Five categories of wealth quintiles
(poorest, poorer, middle, richer, and richest) from
the NFHS wealth index were used.
e Caste system categories as defined by the
government of India.
f Constant is the intercept of the logistic model that
provides the log of the odds of C-section when all
other variables are set to the reference category.
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followed the WHO thresholds of 10% and 15%. Assuming the private sector experienced the mean
national cesarean delivery rate, the potential number of avoidable cesarean deliveries would be 1.67
million, with a potential cost savings of $293.36 million. The avoidable cesarean deliveries and
potential cost savings would be larger if the WHO cutoff rates of 10% and 15% were followed. At the
10% threshold, the potential number of avoidable cesarean deliveries would be 2.18 million, with a
potential cost savings of $382.49 million. At the 15% threshold, the potential number of avoidable
cesarean deliveries would be 1.83 million, with a potential cost savings of $320.60 million.
Discussion
From 2005 to 2016, the rate of cesarean delivery increased from 8.5% to 17.2% in India. The cesarean
delivery rate in public facilities increased from 7.2% in the NFHS-1 to 11.9% in the NFHS-4, whereas
in private health care facilities, the rate increased from 12.3% to 40.9% during the same period,
indicating a substantial distributional gap in cesarean deliveries between the public and private
sectors. Consistent with our findings, other studies have reported higher rates of cesarean deliveries
in the private sector.29,30
Our study also found that the likelihood of having a cesarean delivery in the private sector was
higher (OR, 1.62 in the NFHS-3; OR, 4.17 in the NFHS-4) than in the public sector. In addition, the
difference in the probability of having a cesarean delivery in public vs private sector facilities in both
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rural and urban India has increased over time. Older women, women with a higher BMI and
educational level, and women belonging to wealthier households had a statistically greater likelihood
of having a cesarean delivery. In addition, the adjusted probabilities of cesarean delivery remained
high in private health facilities regardless of any change in family socioeconomic status over the
decade between the NFHS-3 and the NFHS-4. A number of other studies have found positive
associations of cesarean delivery with richer wealth quintiles31,32 and higher educational levels.33 In
addition, other studies’ results are consistent with our finding that the place of delivery (ie, public vs
private facility) is the most important structural factor in the outcome of birth by vaginal or cesarean
delivery.16,34
Our results also highlight the fact that there were no substantial differences in medical
indications for cesarean delivery (eg, pregnancy complications, delivery complications, or the
decision to have cesarean delivery before the onset of labor) among women at public vs private
facilities. Therefore, other nonmedical factors are likely to play a more substantial role in the increase
of cesarean delivery rates in the private sector.
One of the factors documented in the literature that is associated with the increase in cesarean
delivery rates is the role of private sector facilities in a number of settings. In many low- and middle-
income countries, the introduction of health sector reforms has involved engagement with the
private sector in the form of public-private partnerships. A number of such approaches have been
successful in addressing the issue of safe motherhood in low- and middle-income countries.35,36 In
India, the private sector has expanded rapidly, and government-sponsored health care programs rely
on private hospitals as part of public–private partnerships.37
In this context, it is important to understand the characteristics of the private sector in India,
which provides a range of health care services in both urban and rural areas.38 Private-sector
hospitals range from small family-run general hospitals to facilities providing superspecialty tertiary
care. Consultation fees vary because there is no fixed fee schedule, and patients usually pay for
services directly (ie, out of pocket).38 In addition, the private health care sector in India is not well
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Private sector rate 40.9 2.89 NA 932.11 NA NA
Mean national rate 17.2 1.22 1.67 391.99 540.12 293.36
Public sector rate 11.9 0.84 2.05 271.20 660.91 358.97
WHO lower threshold
of 10%
10.0 0.71 2.18 227.90 704.21 382.49
WHO higher threshold
of 15%
15.0 1.06 1.83 341.85 590.26 320.60
Abbreviation: NA, not applicable (indicates actual numbers for original private sector
rates of cesarean delivery).
a Avoidable cesarean deliveries, costs, and potential savings under alternate scenarios
were estimated as the differences from the estimates at the original rate of cesarean
deliveries in private facilities, which was 40.9%.
b Total cesarean deliveries in 2015 to 2016 were obtained from the Sample Registration
System database. Estimates from 2016 were based on a cesarean delivery rate of
20.4% and the total midyear population projected in Table 18 of the Census of India
2011.45
c Total cesarean deliveries in the private sector were calculated as the total number of
estimated deliveries multiplied by the proportion of all deliveries that occurred in the
private sector multiplied by the proportion of private-sector deliveries that were
cesarean deliveries.
d Avoidable cesarean deliveries were calculated as the total number of caesarean
deliveries in private facilities per the original rate of 40.9% minus the total number of
cesarean deliveries that would have occurred if the rate of cesarean deliveries in private
facilities had been reduced to the alternative scenarios.
e The mean costs of cesarean deliveries in the private sector were $322.6 million, and the
mean costs of vaginal deliveries in the private sector were $147.4 million, at a
conversion rate of $1.00 to 75.326 Indian rupees (as of June 3, 2020).46
f The total costs of caesarean deliveries were calculated as the total number of cesarean
deliveries multiplied by the mean costs of cesarean deliveries in private facilities.
g The avoidable costs of cesarean deliveries were calculated as the total costs in private
facilities per the original rate of 40.9% minus the total costs that would have occurred
if the rate of cesarean deliveries in private facilities had been reduced to the alternative
scenarios.
h The potential cost savings was calculated after adjusting for excess cesarean deliveries
by translating them into vaginal deliveries, as follows: total costs for cesarean deliveries
in private facilities per the original rate of 40.9% minus total costs for cesarean
deliveries in private facilities per the alternative scenarios plus total costs for vaginal
deliveries for the difference in deliveries owing to the original rate and the alternative
rate in private facilities.
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regulated,37 and millions of Indians experience impoverishment every year owing to high health
care costs.
Our study also estimated that, assuming the private sector experienced the mean national
cesarean delivery rate, the potential number of avoidable cesarean deliveries would be 1.67 million,
with a potential cost savings of $293.36 million. Consistent with our findings, 1 study estimated a
potential 0.9 million preventable cesarean deliveries in the private sector in India.39 Another study
estimated that 6.2 million unnecessary cesarean deliveries were performed globally in 2008 at a cost
of $2.32 billion.40 Such avoidable cesarean deliveries consume a large share of national and global
resources, have equity implications, and act as a barrier to achieving universal health coverage.40
Limitations
This study has several limitations. Although cesarean delivery rates were estimated based on NFHS
guidelines, all limitations for analyses of sample survey data also applied to our study. In addition,
because the study used secondary data, it was not possible to capture the appropriateness of
cesarean deliveries performed in public or private facilities. Exploring the underlying factors
associated with high cesarean delivery rates in the private sector was beyond the scope of this study.
From our results, it appears that India is in the early stages of an increasing pattern of cesarean
deliveries. As seen in the funnel plot, the number of highly populated states with high birth rates is
behind the curve with respect to cesarean delivery rates. Therefore, the consequences of higher
cesarean delivery rates in India will likely be more noticeable when highly populated states, such as
Bihar and Uttar Pradesh, start to experience cesarean delivery rates similar to those in some of the
less populated states, such as Andhra Pradesh, Tamil Nadu, Gujarat, and West Bengal. Hence, policy
makers in India have a window of opportunity to forestall the increase in cesarean deliveries before
it occurs in highly populated states.
A number of approaches can be considered by the government of India to address the problem
of high cesarean delivery rates in private sector facilities; these approaches include informing
patients of the risks of the cesarean delivery procedure, including the higher probability of
subsequent births by cesarean delivery. In Brazil, it is now mandatory for pregnant women to
acknowledge the risks of a cesarean delivery before surgery, and this requirement has inspired
partnerships with several hospitals to promote vaginal birth.41 Through public-private partnerships,
the government of India could use financial incentives to reimburse private facilities at a uniform rate
for childbirth, whether it be birth through vaginal or cesarean delivery. Such a policy would provide
financial incentives to encourage vaginal delivery, as has been implemented in Taiwan.42
Professional associations in many countries have developed guidelines and recommendations
for the prevention of primary cesarean deliveries.43 Because no such guidelines exist in India, the
Indian Medical Association could be given the responsibility of developing such guidelines. A
movement is currently under way in India to ensure that the cesarean delivery rates of all hospitals
are made available to the general public with the aim of calling attention to hospitals with high
cesarean delivery rates. Some countries have encouraged midwifery-led units as a way to reduce
cesarean delivery rates.43,44 In addition, for any policy to be successful, cultural factors and local
context will need to be considered.43
Conclusions
This cross-sectional study indicates that there is a substantial discrepancy in cesarean delivery rates
between the public and private sectors in India, and that private sector health care facilities are
associated with increases in cesarean delivery rates. It appears that India is in the early stages of a
pattern of increasing cesarean deliveries. Given the context of India, with its expanding middle class,
rapidly expanding private sector, low governmental regulatory capacity, and governmental policy
that encourages public-private partnerships, conditions seem favorable for the increase in cesarean
delivery rates to occur in highly populated states. Hence, it is important that policy makers in India
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address the public health concern of increasing cesarean deliveries. Further research is needed to
understand the factors underlying the substantial increase in cesarean deliveries among private
sector health facilities in India.
ARTICLE INFORMATION
Accepted for Publication: May 19, 2020.
Published: August 28, 2020. doi:10.1001/jamanetworkopen.2020.15022
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Bhatia M et al.
JAMA Network Open.
Corresponding Author: Mrigesh Bhatia, MD, PhD, Department of Health Policy, London School of Economics and
Political Science, Houghton Street, London WC2A 2AE, United Kingdom (m.r.bhatia@lse.ac.uk).
Author Affiliations: Department of Health Policy, London School of Economics, London, United Kingdom
(Bhatia); Department of Mathematical Demography and Statistics, International Institute for Population Sciences,
Mumbai, India (Banerjee, Dwivedi); Centre for Health and Social Sciences, Tata Institute of Social Sciences School
of Health Systems Studies, Mumbai, India (Dixit).
Author Contributions: Ms Banerjee and Dr Dwivedi had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.
Concept and design: Bhatia, Dwivedi.
Acquisition, analysis, or interpretation of data: All authors.
Drafting of the manuscript: Bhatia, Dixit, Dwivedi.
Critical revision of the manuscript for important intellectual content: Bhatia, Banerjee, Dwivedi.
Statistical analysis: Banerjee, Dwivedi.
Obtained funding: Dixit.
Administrative, technical, or material support: Dixit.
Supervision: Dwivedi.
Conflict of Interest Disclosures: None reported.
Additional Contributions: We thank the anonymous reviewers for their comments and the medical journal editors
for editing the earlier version of this manuscript. We also thank the demographic health survey team, including the
team at the International Institute for Population Sciences in Mumbai, for publishing the National Family Health
Survey data and making it freely available in the public domain.
REFERENCES
1. Boerma T, Ronsmans C, Melesse DY, et al. Global epidemiology of use of and disparities in caesarean sections.
Lancet. 2018;392(10155):1341-1348. doi:10.1016/S0140-6736(18)31928-7
2. Harrison MS, Goldenberg RL. Cesarean section in sub-Saharan Africa. Matern Health Neonatol Perinatol.
2016;2:6. doi:10.1186/s40748-016-0033-x
3. MacDorman MF, Menacker F, Declercq E. Cesarean birth in the United States: epidemiology, trends, and
outcomes. Clin Perinatol. 2008;35(2):293-307. doi:10.1016/j.clp.2008.03.007
4. Macfarlane AJ, Blondel B, Mohangoo AD, et al; Euro-Peristat Scientific Committee. Wide differences in mode of
delivery within Europe: risk-stratified analyses of aggregated routine data from the Euro-Peristat study. BJOG.
2016;123(4):559-568. doi:10.1111/1471-0528.13284
5. Stavrou EP, Ford JB, Shand AW, Morris JM, Roberts CL. Epidemiology and trends for caesarean section births in
New South Wales, Australia: a population-based study. BMC Pregnancy Childbirth. 2011;11:8. doi:10.1186/1471-
2393-11-8
6. Brownlee S, Chalkidou K, Doust J, et al. Evidence for overuse of medical services around the world. Lancet.
2017;390(10090):156-168. doi:10.1016/S0140-6736(16)32585-5
7. Wendland CL. The vanishing mother: cesarean section and “evidence-based obstetrics”. Med Anthropol Q.
2007;21(2):218-233. doi:10.1525/maq.2007.21.2.218
8. Baskett TF, McMillen RM. Cesarean section: trends and morbidity. CMAJ. 1981;125(7):723-726.
9. Sachs BP, McCarthy BJ, Rubin G, Burton A, Terry J, Tyler CW Jr. Cesarean section. risk and benefits for mother
and fetus. JAMA. 1983;250(16):2157-2159. doi:10.1001/jama.1983.03340160043029
JAMA Network Open | Health Policy Assessment of Cesarean Delivery Rates in Public and Private Health Facilities in India, 2005 to 2016
JAMA Network Open. 2020;3(8):e2015022. doi:10.1001/jamanetworkopen.2020.15022 (Reprinted) August 28, 2020 10/12
Downloaded From: https://jamanetwork.com/ by a London School of Economics User  on 09/07/2020
10. Hall MH. Variation in caesarean section rate. maternal mortality higher after caesarean section. BMJ. 1994;
308(6929):654-655.
11. Danforth DN. Cesarean section. JAMA. 1985;253(6):811-818. doi:10.1001/jama.1985.03350300099029
12. Villar J, Valladares E, Wojdyla D, et al; WHO 2005 Global Survey on Maternal and Perinatal Health Research
Group. Caesarean delivery rates and pregnancy outcomes: the 2005 WHO global survey on maternal and perinatal
health in Latin America. Lancet. 2006;367(9525):1819-1829. doi:10.1016/S0140-6736(06)68704-7
13. Menon P, Deolalikar A, Bhaskar A. The India State Hunger Index: comparisons of hunger across states. January
2008. Accessed August 2019. https://motherchildnutrition.org/india/pdf/mcn-india-state-hunger-index.pdf
14. Hung H-W, Yang P-Y, Yan Y-H, Jou H-J, Lu M-C, Wu S-C. Increased postpartum maternal complications after
cesarean section compared with vaginal delivery in 225 304 Taiwanese women. J Matern Fetal Neonatal Med.
2016;29(10):1665-1672. doi:10.3109/14767058.2015.1059806
15. Zhang T, Sidorchuk A, Sevilla-Cermeno L, et al. Association of cesarean delivery with risk of
neurodevelopmental and psychiatric disorders in the offspring: a systematic review and meta-analysis. JAMA Netw
Open. 2019;2(8):e1910236. doi:10.1001/jamanetworkopen.2019.10236
16. Hopkins K. Are Brazilian women really choosing to deliver by cesarean? Soc Sci Med. 2000;51(5):725-740. doi:
10.1016/S0277-9536(99)00480-3
17. Kuhle S, Tong OS, Woolcott CG. Association between caesarean section and childhood obesity: a systematic
review and meta-analysis. Obes Rev. 2015;16(4):295-303. doi:10.1111/obr.12267
18. Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated with cesarean delivery for mother,
baby, and subsequent pregnancies: systematic review and meta-analysis. PLoS Med. 2018;15(1):e1002494. doi:10.
1371/journal.pmed.1002494
19. Thavagnanam S, Fleming J, Bromley A, Shields MD, Cardwell CR. A meta-analysis of the association between
caesarean section and childhood asthma. Clin Exp Allergy. 2008;38(4):629-633. doi:10.1111/j.1365-2222.2007.
02780.x
20. Cardwell CR, Stene LC, Joner G, et al. Caesarean section is associated with an increased risk of childhood-
onset type 1 diabetes mellitus: a meta-analysis of observational studies. Diabetologia. 2008;51(5):726-735. doi:10.
1007/s00125-008-0941-z
21. Curran EA, O’Neill SM, Cryan JF, et al. Research review: birth by caesarean section and development of autism
spectrum disorder and attention-deficit/hyperactivity disorder: a systematic review and meta-analysis. J Child
Psychol Psychiatry. 2015;56(5):500-508. doi:10.1111/jcpp.12351
22. Marcotte EL, Thomopoulos TP, Infante-Rivard C, et al. Caesarean delivery and risk of childhood leukaemia:
a pooled analysis from the Childhood Leukemia International Consortium (CLIC). Lancet Haematol. 2016;3(4):
e176-e185. doi:10.1016/S2352-3026(16)00002-8
23. Polidano C, Zhu A, Bornstein JC. The relation between cesarean birth and child cognitive development. Sci
Rep. 2017;7(1):11483. doi:10.1038/s41598-017-10831-y
24. Caughey AB, Cahill AG, Guise J-M, Rouse DJ; American College of Obstetricians and Gynecologists (College);
Society for Maternal-Fetal Medicine. Safe prevention of the primary cesarean delivery. Am J Obstet Gynecol. 2014;
210(3):179-193. doi:10.1016/j.ajog.2014.01.026
25. Gilbert SA, Grobman WA, Landon MB, et al; Eunice Kennedy Shriver National Institute of Child Health and
Human Development Maternal-Fetal Medicine Units Network. Cost-effectiveness of trial of labor after previous
cesarean in a minimally biased cohort. Am J Perinatol. 2013;30(1):11-20. doi:10.1055/s-0032-1333206
26. Survey summary: India: standard DHS, 2015-16. The DHS Demographic and Health Surveys Program. 2016.
https://dhsprogram.com/what-we-do/survey/survey-display-355.cfm
27. Survey summary: India: standard DHS, 1992-93. The DHS Demographic and Health Surveys Program. 1993.
https://dhsprogram.com/what-we-do/survey/survey-display-50.cfm
28. Survey summary: India: standard DHS, 2005-06. The DHS Demographic and Health Surveys Program. 2006.
https://dhsprogram.com/what-we-do/survey/survey-display-264.cfm
29. Mishra US, Ramanathan M. Delivery-related complications and determinants of caesarean section rates in
India. Health Policy Plan. 2002;17(1):90-98. doi:10.1093/heapol/17.1.90
30. Padmadas SS, Kumar S, Nair SB, Kumari A. Caesarean section delivery in Kerala, India: evidence from a
National Family Health Survey. Soc Sci Med. 2000;51(4):511-521. doi:10.1016/S0277-9536(99)00491-8
31. Gould JB, Davey B, Stafford RS. Socioeconomic differences in rates of cesarean section. N Engl J Med. 1989;
321(4):233-239. doi:10.1056/NEJM198907273210406
JAMA Network Open | Health Policy Assessment of Cesarean Delivery Rates in Public and Private Health Facilities in India, 2005 to 2016
JAMA Network Open. 2020;3(8):e2015022. doi:10.1001/jamanetworkopen.2020.15022 (Reprinted) August 28, 2020 11/12
Downloaded From: https://jamanetwork.com/ by a London School of Economics User  on 09/07/2020
32. Hurst M, Summey PS. Childbirth and social class: the case of cesarean delivery. Soc Sci Med. 1984;18(8):
621-631. doi:10.1016/0277-9536(84)90290-9
33. Janowitz B, Wallace S, Araujo G, Araujo L. Referrals by traditional birth attendants in northeast Brazil. Am J
Public Health. 1985;75(7):745-748. doi:10.2105/AJPH.75.7.745
34. Hopkins K, Amaral E. The role of nonclinical factors in caesarean section rates in Brazil. Population Research
Center, University of Texas at Austin; 2005. Accessed August 2019. https://paa2005.princeton.edu/papers/50741
35. Brugha R, Pritze-Aliassime S. Promoting safe motherhood through the private sector in low- and middle-
income countries. Bull World Health Organ. 2003;81(8):616-623.
36. Thadani KB. Public private partnership in the health sector: boon or bane. Procedia Soc Behav Sci. 2014;157:
307-316. doi:10.1016/j.sbspro.2014.11.033
37. Gupta I, Bhatia M. The Indian Health Care System. In: Mossialos E, Djordjevic A, Osborn R, Sarnak D, eds.
International Profiles of Health Care Systems. The Commonwealth Fund; 2017:77-84. https://www.
commonwealthfund.org/sites/default/files/documents/___media_files_publications_fund_report_2017_
may_mossialos_intl_profiles_v5.pdf
38. Bhatia M. The Indian Health Care System, 2015. In: Mossialos E, Wenzl M, Osborn R, Sarnak D, eds. 2015
International Profiles of Health Care Systems. The Commonwealth Fund; 2016:77-85. https://www.
commonwealthfund.org/sites/default/files/documents/___media_files_publications_fund_report_2016_
jan_1857_mossialos_intl_profiles_2015_v7.pdf
39. Surana M, Dongre A. Too much care? private health care sector and surgical interventions during childbirth in
India. Indian Institute of Management working paper 2018-11-01. November 1, 2018. Accessed August 2019. https://
faculty.iima.ac.in/assets/snippets/workingpaperpdf/916097432018-11-01.pdf
40. Gibbons L, Belizan JM, Lauer JA, Betran AP, Merialdi M, Althabe F. The global numbers and costs of
additionally needed and unnecessary caesarean sections performed per year: overuse as a barrier to universal
coverage. World health report 2010, background paper 30. World Health Organization; 2010. Accessed August
2019. https://www.who.int/healthsystems/topics/financing/healthreport/30C-sectioncosts.pdf
41. Magne F, Puchi Silva A, Carvajal B, Gotteland M. The elevated rate of cesarean section and its contribution to
non-communicable chronic diseases in Latin America: the growing involvement of the microbiota. Front Pediatr.
2017;5:192. doi:10.3389/fped.2017.00192
42. Chen C-S, Liu T-C, Chen B, Lin C-L. The failure of financial incentive? the seemingly inexorable rise of cesarean
section. Soc Sci Med. 2014;101:47-51. doi:10.1016/j.socscimed.2013.11.010
43. Betran AP, Torloni MR, Zhang JJ, Gulmezoglu AM; WHO Working Group on Caesarean Section. WHO
statement on caesarean section rates. BJOG. 2016;123(5):667-670. doi:10.1111/1471-0528.13526
44. Betran AP, Temmerman M, Kingdon C, et al. Interventions to reduce unnecessary caesarean sections in
healthy women and babies. Lancet. 2018;392(10155):1358-1368. doi:10.1016/S0140-6736(18)31927-5
45. Technical Group on Population Projections. Census of India 2011: Population Projections for India and States
2011-2036. National Commission on Population, Ministry of Health and Family Welfare; November 2019. Accessed
June 3, 2020. https://nhm.gov.in/New_Updates_2018/Report_Population_Projection_2019.pdf
46. Representative exchange rates for selected currencies for June 2020. International Monetary Fund. Accessed
June 3, 2020. https://www.imf.org/external/np/fin/data/rms_mth.aspx?SelectDate=2020-06-30&reportType=REP
SUPPLEMENT.
eTable. Cesarean Deliveries From 1992 to 2016
eFigure 1. Percentage of Cesarean Deliveries by Type of Health Facility Among Institutional Births in India, 2005 to
2016
eFigure 2. Funnel Plot for Proportion of Cesarean Deliveries in Private Facilities by State and Union Territory in
India, 2005 to 2006
eFigure 3. Funnel Plot for Proportion of Cesarean Deliveries in Private Facilities by State and Union Territory in
India, 2015 to 2016
JAMA Network Open | Health Policy Assessment of Cesarean Delivery Rates in Public and Private Health Facilities in India, 2005 to 2016
JAMA Network Open. 2020;3(8):e2015022. doi:10.1001/jamanetworkopen.2020.15022 (Reprinted) August 28, 2020 12/12
Downloaded From: https://jamanetwork.com/ by a London School of Economics User  on 09/07/2020
